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Abstract 
Road runoff is a major source of environmental pollution, significantly threatening nearby aquatic habitats. The 
structure of highway pavement is an important factor affecting the pollution of road runoff. In order to investigate the 
characteristics of the runoff pollution of asphalt pavement, water samples of the road runoff from the Shanghai-
Chengdu expressway were collected and analyzed. The results show that the road runoff is of strong pollution with 
high concentration of heavy metals such as Zn, Pb, Cd, Cr, Ni. Evaluated by the Gray correlation model, the pollution 
of most water samples had exceeded the level IV of the national standard of surface water quality of China. Only one 
sample reached the level V of the standard .The results would provide the basis for the control of runoff pollution. 
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1. Introduction 
Road construction and traffic affect adversely the environment by altering the physical and chemical 
characteristics of nearby land, air, and water bodies [1]. Water pollution by road-borne chemicals has 
received little attention compared with other deleterious effects. Numerous factors may affect the quality 
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of a road runoff. However, since the vehicles are the main source of pollution, the traffic volume is 
usually proportional to the quantity of pollutants in runoff [2-4]. 
 
When crops along road grow in the polluted soil and water, reduction in output and quality is 
commonly found. Even some toxic and harmful substances would accumulate in the edible part of 
products, exceeding the limits of food hygiene standards [5].  
 
Asphalt roads have been widely used in China, especially in Jiangsu Province. In order to develop the 
environmental impact assessment (EIA) for highway construction projects, investigation on runoff 
pollution sources on asphalt pavement should be carried out and the characteristics of pollutants should be 
analysed. In this study, the runoffs on asphalt pavement of the Shanghai-Chengdu Expressway (Nanjing 
section) were continuously sampled. The study was aimed to provide basic information for the 
environmental protection and construction around asphalt pavement, protecting surface water, soil, and 
crops along the road with proper control measures. 
2. Materials and methods 
2.1. Brief description of the sampling sites 
The specific sampling sites for this study were located on the pavement of Maqun Overpass Bridge, 
the roadside ditches under the bridge, and the pavement 100m from the bridge. The design speed of the 
road is 120km/h with dual four-lanes. The widths of the integral roadbed and the separation section 
roadbed are 42.5m and 43m, respectively. The design loads of bridges and culverts are vehicle-super 20 
and trailer-120 [6]. 
The structure of the road pavement is specified as follows [7]. The top layer is Modified Asphalt 
SMA-13 with the thickness of 4.0cm. The middle layer is Modified Asphalt Sup-20 with the thickness of 
8.0cm. The undersurface layer is common asphalt Sup-25 with the thickness of 8.0cm. The base course is 
Cement Stabilized Crushed Stone with the thickness of 40.0cm (38cm). The sub-base course is Lime Fly 
Ash Stabilized Broken Stone with the thickness of 20.0cm. 
2.2. Sampling method 
Samples were collected every 5 min from the 22nd of April in 2007 to the 1st of September in 2007. 
Because of different rainfall time in each sampling day, the number of samples in each day was not the 
same. The first sampling day was the 22nd of April in 2007. It was a heavy raining day and the rain 
started at 15:00. The first sample was collected when the runoff occurred at 15:05. A total of 5 samples 
were collected in that day. The second sampling day was the 3rd of August in 2007. It was a light raining 
day and rain started at 16:46. Sampling work started when the runoff occurred at 17:10 and 3 samples 
were collected. The third time was in the 1st of September in 2007. It started raining at 7:40 and became 
heavy at 7:52. Sampling was made when the runoff occurred and 5 samples were collected in that day.  
2.3. Experiment 
Chemical analyses were performed at the electrochemistry laboratory of NanJing Forestry University. 
The total metal concentration in the sediment of road runoff (zinc, lead, chromium cadmium and nickel) 
was analyzed according to the national GB Standard method [8]. All samples were acidified prior to 
quantification of metals using HNO3/H2SO4. The levels of lead, zinc, and cadmium were determined with 
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atom absorption spectrophotometry (AAS) (GB7475-87). The level of chromium was determined with 
potassium permanganate oxidation-dephenylcarbazide hydrazine spectrometry (GB7466-87). The level of 
nickel was determined with dimethylglyoxime spectrophotometric (GB11910-89). 
 
2.4. Evaluation method 
The data of water samples were evaluated through Grey Correlation Analysis. The inter-connections, 
inter-influences, and the interactions among all factors were researched with the relationship in this 
analysis method. The closer the two space curves of two parameters are, the greater the correlation 
becomes. During the water environment quality classification evaluation, the evaluation factors’ actual 
values of the evaluated object were selected as the numeral sequence. The classification standards of the 
water quality were taken as the comparative sequence. In this way, multiple correlations can be obtained. 
The corresponding grade for the numeral sequence with maximum correlation to the comparative 
sequence would be the quality level of the evaluated water [9]. The evaluating procedure is as follows. 
(1) Determine the standard classification sequence of water and the actual numeral sequence of each 
monitoring site. The classification standard is usually divided into m levels with n evaluation factors. 
Thus, the numeral sequence xi(k) of water quality standard at all levels and the sequence yj(k) of all 
samples can be obtained.  
xi(k)={xi(1),xi(2),…,xi(n)}       (i=1,2,…,m)                                                                                         (1) 
 
where, xi(k) expresses the value of the No. k evaluation factor in the i level water standard. In this paper, 
this evaluation was according to the “Surface Water Quality Standard” (GB3838-2002), as shown in 
Table 1. 
yj(k)={yj(1),yj(2),…,yj(n)}       (j=1,2,…,t)                                                                                          (2) 
 
where, yj(k) expresses the actual value of the No. k evaluation factor in the No. j water sample. 
Table 1． Surface water quality standard (GB3838-2002)        mg/L 
Grade Zn P b Cd Cr Ni 
I 
II 
III 
IV 
V 
0.05 
1.0 
1.0 
2.0 
2.0 
0.01 
0.01 
0.05 
0.05 
0.10 
0.001 
0.005 
0.005 
0.005 
0.02 
0.01 
0.05 
0.05 
0.05 
0.10 
0.05 
0.05 
0.05 
0.05 
0.05 
Note: due to the lack of the limit to Ni metal in the national surface water environment quality standard, the standard value of Ni 
in this table was taken from the “Fishery Water Quality Standard” (GB11607-89). 
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(2) Normalize the quaternion. The normalizing is aimed to, first, let all sequences become non-
dimensional and, second, let each sequence stay basically in the same magnitude. The following two 
formulas were used for non-dimensioning.  
                                                        
1
( )( )
1 ( )
i
i m
i
i
x kx k
x k
m 


                                                                                 (3)  
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where,  
1,2,..., ;
1,2,..., .
i m
k n


 
and, xi(k) expresses the non-dimensional value of the No. k evaluation factor of level i. xi expresses the 
standard value of all evaluation factors in the Water Environment Quality Standard. i means the level. 
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1, 2,..., ;
1, 2,..., ;
1, 2,..., .
i m
k n
j t



 
and, yj(k) expresses the non-dimensional value of the No. k evaluation factor k of water samples. yj 
expresses the actual value of each pollutant. 
(3) Use the following formulas to obtain the difference sequence (Δli(k)), the maximum difference 
(Δmax), and the minimum difference (Δmin).   
( ) ( ) ( )li j ik y k x k                                                                                            (5) 
max max max ( ) ( )i ii k y k x k  
                                                                  (6) 
                                    
min min min ( ) ( )i ii k y k x k  
                                                                              (7) 
(4) Find the correlation coefficient (ξli(k)) and correlation (γli). 
min max
max
0.5( )
( ) 0.5li li
k
k

  

  
                                                                                       (8) 
1
1 ( )
n
li li
k
k
n
 

                                                                                                       (9) 
Find the maximum in the correlations, which will be determined as the quality level of the water 
sample.  
3. Results and discussion  
3.1. Analysis results  
The actual values of water samples from asphalt pavement runoff in the Shanghai-Chengdu 
Expressway are shown in Table 2. 
From the actual values in Table 2, the results of Grey Relevancy Analysis can be obtained as shown in 
Table 3. It shows that the quality of twelve out of thirteen samples has reached National Grade IV and 
one sample reached National Grade V. It is indicated that the runoff in the Shanghai-Chengdu expressway 
has been polluted seriously.  
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Table 2． Results of asphalt pavement runoff samples mg/L 
Samples Zn P b Cd Cr Ni 
S1 0.181 0.047 0.007 0.172 0.228 
S2 0.653 0.131 0.252 0.355 0.295 
S3 0.402 0.085 0.245 0.356 0.274 
S4 1.169 0.025 0.0077 0.469 0.622 
S5 0.669 0.016 0.056 0.173 0.466 
S6 0.757 0.026 0.0049 0.263 0.721 
S7 0.902 0.053 0.0056 0.491 0.819 
S8 0.779 0.050 0.0049 0.429 0.515 
S9 0.861 0.081 0.0056 0.498 0.557 
S10 0.918 0.077 0.0042 0.479 0.390 
S11 0.751 0.066 0.0042 0.374 0.292 
S12 0.550 0.058 0.0049 0.467 0.359 
S13 0.468 0.040 0.0035 0.430 0.349 
 
Table 3． Results of comprehensive evaluation 
Samples I II III IV V 
S1 0.72412 0.783825 0.791161 0.803706 0.719974 
S2 0.81959 0.821645 0.822273 0.82375 0.82814 
S3 0.824308 0.826446 0.827097 0.828673 0.832701 
S4 0.747659 0.772428 0.771735 0.775557 0.731758 
S5 0.699411 0.707914 0.705903 0.711062 0.727554 
S6 0.798428 0.822877 0.822405 0.826693 0.764804 
S7 0.78518 0.806915 0.808973 0.812615 0.761013 
S8 0.756275 0.789189 0.792571 0.797902 0.719039 
S9 0.755358 0.786228 0.789284 0.794133 0.72965 
S10 0.726248 0.754899 0.759416 0.765075 0.680897 
S11 0.705582 0.742907 0.749226 0.756708 0.657008 
S12 0.729534 0.77573 0.780752 0.788967 0.690749 
S13 0.751507 0.769569 0.772192 0.781356 0.692052 
3.2. Discussion  
The current evaluation methods of water environment quality mainly include Single Pollution Index 
Method, analysis hierarchy process (AHP), fuzzy comprehensive evaluation (FCE), and others. However, 
the method of FCE emphasizes the role of extremes, losing several information and lack of scientific 
weighting [10-11]. The method of AHP uses the maximum in all level weighting (“maximum principle”) 
in final classification, ignoring the smaller weights from upper level and taking no account of the inter-
correlation in each level weight. Thus, the resolution rate decreases and the result of evaluation is 
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unreasonable [12]. These characteristics make the methods above restrictive to apply. On the other hand, 
the Gray Relational Analysis method used in water quality evaluation is precise with simple computation, 
and the evaluation results fully reflect the comprehensive effects [9, 13-14].  
The Gray Correlation Analysis can be applied to the comprehensive analysis of heavy metals pollution 
in the water samples from continuous collecting on the asphalt pavement at the Shanghai-Chengdu 
Expressway (Nanjing section). It shows that twelve out of thirteen samples reached National Grade IV, 
and one sample reached National Grade V. The result is found to be in line with Yu’s results [15]. Their 
results indicated that the pavement runoff pollution at the Shanghai-Chengdu Expressway (Nanjing 
section) was serious that, except Zn, all other tested heavy metals exceeded the National Grade. Therefore, 
when a highway crosses an area requiring surface water quality as or exceeded National Grade IV, 
especially in the first-grade and second-grade surface water sources, the runoff water must be treated 
before entering the nature and reaching the “Surface Water Quality Standards "(GB 3838-2002). 
As a potential pollution sources, the road runoff has attracted extensive attention recently [16-24]. 
There are many sources of pollutants in road runoff, including motor vehicles (tire wear particles, road-
building materials, transportation leak, vehicles parts wear particles, and deicer), polluted rainwater, dust 
and others. Most investigations showed that the levels of pollutants in road runoff water were correlated 
significantly with the type of pavement. The levels of Pb, Zn, COD and TOC in the asphalt pavement 
runoff water was 3-5 times of the concrete pavement in the same condition [25]. In addition, the 
foundings from Maestri, Pagotto, Legret and other researchers [26-28] indicated that porous pavement 
can significantly reduce the concentration of pollutants in runoff water. So, various types of porous 
pavement would not only benefit the driving, but also reduce the runoff water pollution.  
In recent researches, a lot of Preventive Measures for road runoff water pollution were studied by 
some scholars in China and abroad [29-34]. However, the road runoff water pollution was a very complex 
problem which is influenced by combined factors. Because of different conditions in different countries, 
there was much difference in vehicles pollution and road runoff water pollution between China and 
abroad. With different characteristics of runoff water, the results from foreign studies are not suitable for 
China. Therefore, it is necessary for different regions to work out their own specific plans and measures 
to control road runoff pollution based on the type of pavement structure, weather conditions, traffic, road 
runoff water pollution and other realistic conditions in local areas.  
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